Risk scores for postoperative morbidity or mortality tend to use preoperative factors or preoperative 1 and intraoperative factors 2,3 . Postoperative
risk should increase. We proposed that a risk score that included postoperative complications might allow clinicians to estimate not only preoperative risk but also how that risk may change during the postoperative period.
We aimed to develop a straightforward risk score for 30-day mortality using both preoperative and postoperative factors: a Perioperative Mortality risk (POM) score. We derived the risk score using a cohort from a previous audit of older patients undergoing non-cardiac surgery 5 at three major metropolitan hospitals (derivation cohort) and a validation cohort from a regional hospital. We tested the hypothesis that this POM score would have good discriminating ability for 30-day mortality.
METHODS
To derive the POM score we did a follow-up analysis of an audit at three tertiary referral hospitals in Melbourne: Austin Health, The Royal Melbourne Hospital and the Alfred Hospital 5 . To undertake a preliminary validation of the POM score we used the same audit methodology at a hospital in rural New South Wales: Lismore Base Hospital. The Human Research Ethics Committee from each hospital approved the audit. Because this study was an audit the Human Research Ethics Committees waived the need for informed consent from individual patients.
For the derivation cohort we used data from a previous study of patients aged 70 years or older, undergoing non-cardiac surgery, who stayed at least one night in hospital 5 . Data were collected for the first five days after surgery or until hospital discharge, whichever was longer. We collected data, both in the intensive care unit (ICU), which includes true ICU and high dependency or stepdown beds (HDU) 6 , and the general wards. Planned ICU admissions were those where admission was planned before surgery and unplanned were all others, including when the decision to admit to ICU was made during the operation. We collected data on unscheduled surgery, comorbidities 5,7,8 , 11 serious complications and 30-day mortality using hospital records or follow-up telephone calls to patients or their general practitioners 8, 9 . We performed stepwise multivariate regression analyses of preoperative and postoperative factors using STATA software (Stata Corporation, College Station, Texas, USA) to determine independent factors associated with 30-day mortality. Using the adjusted odds ratios for these independent factors to weight risk scores 10 , we created a risk score using the three independent preoperative risk factors: age, American Society of Anesthesiologists (ASA) physical status and preoperative plasma albumin <30 g/l; and the three independent postoperative factors: unplanned ICU admission, systemic inflammation and acute renal impairment (Tables 1 and 2 ). Data were stored on a computer spreadsheet (Excel, Microsoft, Seattle, WA, USA). For each patient we calculated the total POM score using preoperative and postoperative factors as well as the score using only preoperative factors. We created two receiver table 1 Definitions for postoperative complications
Unplanned ICU admission
Planned ICU admissions were those where admission was planned before surgery, and unplanned were all others, including when the decision to admit to the ICU, coronary care unit or high dependency unit was made during or after the surgical procedure.
Systemic inflammation
New finding of at least two of the following: operating characteristic (ROC) curves: one with preoperative factors alone and the other with both preoperative and postoperative factors. We proposed that an area under the ROC curve (C-statistic) 11 greater than 0.75 indicated good discriminative ability 12 . We compared the area under the ROC curves for preoperative factors alone and preoperative with postoperative factors. The same audit methodology was subsequently used at Lismore Base Hospital for the validation cohort. To compare the discriminating ability of the POM score in the two cohorts we created a ROC curve for the validation cohort and compared this to the ROC curve for the derivation cohort 11 . We used the Hosmer-Lemeshow goodness-of-fit statistic to test the calibration of the POM score in the validation cohort. The Hosmer-Lemeshow test divides the cohort into deciles and performs a chisquare test on the expected mortality and the actual mortality. A P value of 1.0 equals perfect fit and P <0.05 indicates inadequate fit. We used STATA (Stata Corporation, College Station, Texas, USA) to compare the ROC curves and to perform the Hosmer-Lemeshow test.
RESULTS
In the derivation cohort, data for all six independent risk factors were available for 1012 of 1106 patients ( Table 3 ). The overall mortality by 30 days after surgery (30-day mortality) was 6% (58 patients). The 96 patients excluded due to missing data had similar demographics to the studied patients and included six who died (6%) 5 . The sum of the scores for each of the six independent risk factors ( Table 2) was the POM score. The 30-day mortality increased with increasing POM scores. In the derivation cohort, 510 patients had a POM score less than 5, with 1% mortality (95% CI 0.5 to 3%). Four hundred and eight had a score of 5 or more and less than 10, with 7% mortality (95% CI 4.5 to 9%). Ninety-four patients had a score of 10 or more with 26% mortality (95% CI 17 to 36%). A POM score of 10 or more had a sensitivity of 0.40, a specificity of 0.93 and a negative predictive value of 0.96 for 30-day mortality. The POM score appears to have good discriminating ability ( Figure 1 ). The ROC curve for the POM score and 30-day mortality had an area under the curve (C-statistic) of 0.80 (95% CI 0.74 to 0.86, P <0.001 compared to the line of identity). The C-statistic for the preoperative factors alone was 0.75 (95% CI: 0.68 to 0.81). This C-statistic still indicates good discriminating ability, but was statistically significantly less than the C-statistic for the total POM score (i.e. both preoperative and postoperative factors, P=0.02 (χ 2 1df =5.72). When postoperative factors were added to preoperative factors for the 58 patients who died, 23 patients had an increase in POM score and the median POM score increased from 7.0 (IQR 6 to 10) to 9.0 (IQR 6.5 to 12) (P <0.001). For 10 of the 58 patients, the POM score increased from less than 10 (7% mortality) to 10 or greater (26% mortality).
There were 256 patients in the validation cohort ( Table 3 ). The 30-day mortality in the validation cohort was 6% (16 patients), which was the same as the derivation cohort. The C-statistic for predicting 30-day mortality was 0.79 (95% CI 0.70 to 0.88). This was similar to the derivation cohort (P=0.88) ( Figure 2 ). While similar in age and gender distribution, the validation cohort differed from the derivation cohort in the distribution of ASA class and mix of surgery (Table 3) . Despite these differences, the Hosmer-Lemeshow test had a P value of 0.35 (χ 2 6df =6.73) indicating good agreement between expected and actual 30-day mortality for the validation cohort.
DISCUSSION
We used factors independently associated with 30-day mortality from a previous study of surgical patients in three tertiary referral hospitals in Melbourne 5 , to derive a POM score for older patients having a wide range of procedures. Consistent with our hypothesis, this POM score appears to have good discriminating ability for 30-day mortality in patients aged 70 years and older having non-cardiac surgery. Further, we found that the POM score had both good discriminating ability and calibration for 30-day mortality for a preliminary validation cohort of patients in a regional hospital in rural New South Wales.
Scores that estimate the risk of postoperative mortality or morbidity may assist clinicians to determine whether an operation is appropriate in particular circumstances, may assist discussions with patients prior to surgery and may assist planning clinical care 2,13 . Goldman developed a preoperative risk score for cardiac complications 14 in non-cardiac surgery patients. The Goldman Cardiac Risk Index has been revised 15 with six variables and a simple cumulative score. The ongoing popularity of the Revised Goldman Cardiac Risk Index 16 highlights the advantages to clinicians of a risk score with a small number of variables, that is simple to calculate but has reasonable ability to discriminate for the outcome measured 10, 17 . However, the Revised Goldman Cardiac Risk Index assesses the risk of cardiac complications, rather than all cause 30-day mortality which is an internationally recognised surgical outcome measure 3 .
Most risk scores use either preoperative factors alone or combined with intraoperative factors 2, 3, 16 . None uses postoperative factors to modify the preoperative risk assessment. This is despite postoperative complications having a strong association with 30-day mortality 4 . Our risk score includes three preoperative factors: age, ASA physical status and decreased plasma albumin, combined with three postoperative complications occurring within the first five postoperative days: unplanned ICU admission, renal impairment and systemic inflammation. Our results confirm that adding the postoperative factors improves the discriminating ability of the POM score. The risk of 30-day mortality can be revised if these complications occur. The increase in the C-statistic, was however, fairly small from 0.75 to 0.80. A possible value of this cumulative score lies not only in being able to give patients and their families progressive updates on likely prognosis but also indicating those patients requiring escalated care, possibly well into the postoperative period 4 .
Unlike some risk scores, we did not include the type or complexity of the surgery in our risk score 16 . This was because, with the exception of thoracic surgery, the type of surgery, while important in the univariate analysis was not independently associated with 30-day mortality in our original study 5 . This finding is consistent with Aust et al 2 who found that for 95% of 8500 patients, patient factors were more important than surgical factors for predicting 30-day mortality. Typical of many large studies, the majority of operations were of minor to medium complexity 2 , from hernia repairs to hip replacements and colonic surgery. Aust et al 2 concluded that surgical complexity should be considered in each case but is likely to be particularly important only in the minority (5%) having complex operations such as pancreatectomy. In another study of 24,000 surgical patients aged over 80 years, Hamel et al 1 ranked the predictors for 30-day mortality: ASA physical status and albumin were ranked first and second. Surgical complexity was ranked number 10. Further, among the various risk scores there are differing definitions of surgical complexity and the possibility that complexity is related to surgical experience (i.e. specific operations become less complex as surgeons become more familiar with them 2,3 ).
Our overall mortality in patients aged 70 years and over was 6% in both the derivation and validation cohorts. In recent studies, the unadjusted 30-day mortality for pancreatectomy has been 4% for patients with a mean age of 63 years 18 and 5% for selected of elderly patients for elective open repair of abdominal aortic aneurysm 19 . These data support our conclusion that, while surgical complexity should not be excluded from risk assessment, patient factors may often be of greater importance than surgical complexity when assessing risk in a broad range of procedures in older, sicker patients 5 . Including surgical complexity in our risk score may increase the discriminating value, but would also increase the complexity of the POM score and would be unlikely to increase the calibration across a broad surgical population because the frequency of these complex operations is low 10 . We are not suggesting, however, that surgical complexity be ignored. Rather, we suggest that for patients having complex surgery, such as pancreatectomy or open repair of abdominal aortic aneurysm, the three preoperative factors in the POM score provide a baseline risk assessment for 30-day mortality. All surgery has some risk but in a broad spectrum of operations, patient factors will often be more important than surgical factors for assessing risk. We speculate, using the data of Aust et al 2 , that complex operations such as pancreatectomy or abdominal aortic aneurysm repair could add one or two points to the POM score, but this requires further study.
Another factor we did not include in the POM score that is included in some scores is emergency surgery 16 . In our previous study 5 we examined nonelective surgery rather than emergency or urgent surgery 3 . The main reason for excluding non-elective surgery from the POM score is that non-elective surgery was not independently associated with 30-day mortality 5 . Like other areas of perioperative research, the results of our study may depend on the definitions of variables 20 . We defined non-elective surgery as added to a routine elective operating list or performed after-hours 5 . In the United States, the National Surgical Quality Improvement Program (NSQIP database with over a million patients) defines emergency surgery as surgery performed within 12 hours of presenting to hospital or developing symptoms 21 . In the UK, the National Confidential Enquiry into Patient Outcome and Death (NCEPOD) defines non-elective surgery with two groups: emergency surgery (operation with simultaneous resuscitation usually within one hour) and urgent surgery (operation after resuscitation, usually within 24 hours) 22 . The likely risk of nonelective surgery will depend on which definition is used 22 . Of these three definitions, our definition of non-elective surgery most closely resembles the NCEPOD definition of urgent surgery but will include patients fitting both the NCEPOD and the NSQIP definitions of emergency surgery. Again, as with complex surgery, we are not suggesting that true emergency surgery does not increase risk; the POM score represents a baseline assessment of risk for patients having what is perceived to be emergency surgery. If one were to use the NSQIP definition of emergency surgery (less than 12 hours) 21 in older patients and use the adjusted odds ratio for 30-day mortality from the work of Hamel et al 1 , one could add 1.5 points to the POM score 1 .
This study has several strengths. The derivation cohort included over 1000 patients undergoing a wide range of non-cardiac surgery at three different hospitals with prospective data collection 5 . The C-statistic 11 of 0.80 suggests that despite not including the variables for surgical complexity or emergency surgery, the POM score has good ability to discriminate for 30-day mortality 12 . This is similar to the C-statistic of 0.81 that Aust et al 2 found with a five variable preoperative risk score for 30-day mortality in Texas. In a British study, Neary et al 16 found that the C-statistic for predicting 30-day mortality using the Revised Goldman Cardiac Risk Index, not initially designed to predict mortality, was 0.73. This is comparable to the predictive ability of the three preoperative factors that we identified, but less than the 0.80 C-statistic for the full POM score. Further, once the cumulative POM score is ten or more there is a substantial increase in 30-day mortality to 26%. This finding of a clinically relevant cutoff may enhance the simplicity for bedside use of the POM score 10 . Also, the POM score had good discrimination and calibration 11 in a validation cohort from a rural hospital with different patient and surgical mix. The validation cohort, however, was preliminary and included only 256 patients with 16 deaths by day 30.
Using data from older patients having noncardiac surgery, we have derived and validated an initial version of a straightforward risk score for 30-day postoperative mortality, which includes both preoperative ("Three A's": age, ASA and albumin) and postoperative ("Three I's": ICU, inflammation and impaired kidneys) factors. This score is intended for bedside risk assessment rather than detailed inter-hospital comparison 16 . This first version of the POM score can be refined by studying large groups of patients at multiple hospitals having a wide range of procedures. Larger, varied, validation groups will also help determine the value of this and subsequent versions of the POM score. This type of scoring system may assist in providing progressive estimates of risk and assist in identifying patients requiring escalated care 15, 17 . While the risk of the surgical procedure and urgency should be considered for every case, patient factors will often be more important. Estimates of added risk associated with surgical complexity and emergency surgery could be added to this patient factor POM score that provides a baseline risk; but further research is needed to adequately quantify these effects.
